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placed annually in the United States, with associated costs of over $2 billion. 1 A layperson might assume that if a form of medical technology is so widely used, there must be clear-cut indications for its clinical use. Unfortunately, that would be an incorrect assumption. The indications for placement of a pulmonary-artery catheter, the interpretation of the data generated by the catheter, and the goals for therapy directed by it all remain to be clarified.
However, progress is being made toward a definition of the appropriate role of the pulmonaryartery catheter in clinical practice. In this issue of the Journal, Sandham and his colleagues in the Canadian Critical Care Clinical Trials Group 2 report the results of a prospective, randomized, controlled clinical trial comparing therapy directed by a pulmonary-artery catheter with standard care in 1994 high-risk surgical patients. The patients randomly assigned to the catheter group had the catheter placed preoperatively, with specified treatment goals and priorities that had been developed by consensus among the investigators. In the standard-care group, there were no specified treatment goals. Placement of a central venous catheter was at the discretion of the treating physician; 77 percent of patients in this group had a central venous catheter placed. There was no significant difference in inhospital mortality between the groups (7.8 percent in the group with pulmonary-artery catheters vs. 7.7 percent in the standard-care group), but there was a significant increase in the incidence of pulmonary embolism in the catheter group (8 events vs. 0 events). More patients in the catheter group than in the standard-care group received inotropic agents, vasodilators, antihypertensive medication, packed red cells, and colloid, indicating that the study protocol resulted in differential treatment in the two groups.
These findings should affect patient care. They lend further credence to recent nonrandomized clinical studies involving patients during the perioperative period, including a meta-analysis of the literature 3 and a prospective, observational study 4 that also showed that pulmonary-artery catheters are not beneficial and that their use may be associated with increased morbidity. Thus, the routine insertion of pulmonary-artery catheters perioperatively in high-risk surgical patients is not warranted.
The history of the pulmonary-artery catheter illustrates how our enthusiasm for new technology led us to incorporate its use into daily practice with little, if any, of the rigorous review required for new pharmacologic therapies. From the time that pulmonary-artery catheterization was first performed in the mid-1940s until the early 1970s, pulmonaryartery catheters were used almost exclusively in catheterization laboratories to determine whether patients with cardiac disease (primarily congenital and valvular defects) were eligible for surgical intervention. 5 The uses of the pulmonary-artery catheter expanded from diagnosis alone to include the direction of therapy when Swan and colleagues introduced the balloon-tipped catheter that could be inserted at the bedside. 6 No clinical trials were conducted to determine whether patient outcomes were altered by the data derived from insertion of these catheters or the associated therapeutic interventions. Benefit was simply assumed.
However, this assumption was challenged when data from nonrandomized studies involving patients with acute myocardial infarction suggested that mortality among patients with a pulmonaryartery catheter was higher than that among patients without such a catheter. 7, 8 Although these findings raised serious questions about the use of these catheters, 9 the studies were criticized for their design, particularly because patients in whom pulmonaryartery catheters were inserted may have been sicker than those in whom they were not used. 9, 10 In the early 1990s, a randomized clinical trial of the use of pulmonary-artery catheters in critically ill patients was attempted by the Ontario Intensive Care Study Group. 11 However, many physicians believed that it was unethical to withhold the insertion of a pulmonary-artery catheter in such patients, whereas others believed that it was unethical to insert one. Either way, these beliefs limited enrollment in the trial, and it could not be completed. 1, 11, 12 In 1996, Connors et al. 13 published the results of an observational study involving 5735 critically ill medical and surgical patients; the authors concluded that pulmonary-artery catheters were associated with an increase in mortality. The response to that trial in the medical literature and the lay press clearly illustrated the state of chaos regarding the use of pulmonary-artery catheters. The responses ranged from consideration of a moratorium on the use of pulmonary-artery catheters 5 to a recommendation for the rapid initiation of randomized clinical trials to study the use of these catheters in myriad clinical conditions. 5,14 Fortunately, the end result of the discussions was the agreement that there was equipoise for clinical trials of the pulmonary-artery catheter and there were several disease processes that warranted study. 10, 14 Concern was voiced, however, that it could be difficult to convince physicians to participate in the trials. 12 This concern was allayed somewhat by the successful enrollment of 201 patients in a randomized, controlled trial of pulmonary-artery catheterization in critically ill patients. 15 Although that trial was not large enough for its results to be conclusive, it served as a pilot study that demonstrated the feasibility of trials of pulmonary-artery catheterization in critically ill patients. 12 Sandham and colleagues have substantially furthered the progress in research in critical care with their current study. They have clearly demonstrated that physicians will allow their patients to be randomly assigned to either treatment group in a clinical trial that involves not only the insertion of a pulmonary-artery catheter, but also the implementation of therapy directed by that catheter. Furthermore, their study demonstrates the feasibility of conducting large, adequately powered, multicenter, controlled trials of pulmonary-artery catheterization. These accomplishments represent milestones in research in clinical critical care that would not have been possible less than two decades ago.
Whether the results of this trial extend to groups of patients other than the high-risk surgical patients who were studied is not known. The use of the pulmonary-artery catheter is currently being studied in patients with other clinical syndromes, including acute lung injury and congestive heart failure. 14 The design and execution of these trials have enhanced our understanding of the complexity of studying a technology that is already so widely used in clinical practice. The determination of which clinical questions are important to ask and the designing of appropriate trials with which to answer those questions have led to debates that would not have been considered a decade ago. These debates represent the progress we have made in research related to critical care and the difficulty posed by the legacy of an over-enthusiastic embracing of technology without adequate assessment. I hope that we are learning from our experience.
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